Introduction
Acute kidney injury (AKI) is defined as an abrupt decrease in kidney function, resulting in accumulation of urea and other nitrogenous waste products in the body and disruption of the balance of extracellular volume and electrolytes (1) . AKI can be seen in 2%-30% of patients having cardiopulmonary bypass (CPB) and 1% of these patients require renal replacement therapy (RRT) (1) . Moreover, CPB-associated AKI is implicated as a major risk factor for prolonged stay in the intensive care unit and hospital and is associated with increased morbidity and mortality. Recently, there have been significant changes in the definition and diagnostic criteria of AKI (2, 3) . Recent studies showed that acute and milder changes in serum creatinine (SCr) and urine output are associated with significant kidney damage and may lead to serious clinical consequences. SCr is still the most widely used and accepted biomarker for diagnosis of AKI. The most important disadvantage of SCr is its inability to allow an early diagnosis of AKI (4) . SCr concentration may not change until approximately 50% of kidney function has already been lost and it can be affected by sex, muscle mass, diet, and age (5, 6) . Rapid diagnosis and risk classification are important in management and prevention of disease progression. Identification of reliable biomarkers for early diagnosis of CPB-associated AKI may increase the chance of successful treatment. Serum beta-trace protein (BTP), neutrophil gelatinase-associated lipocalin-2 (NGAL), and cystatin C (CysC) are currently being investigated for prediction and early diagnosis of AKI, especially in patients undergoing cardiac surgery (7) . BTP, which is also known as lipocalin prostaglandin D2 synthase, is a serum biomarker for predicting AKI and was first described as a new biomarker for GFR estimation by Priem et al. (8) .
Because it does not bind to plasma proteins, BTP was filtered almost freely across the glomerular barrier. BTP is synthesized mainly in the central nervous system by glial cells and the choroid plexus and forms one of the principal constituents of the cerebrospinal fluid (9) . BTP was shown to have features similar to those of SCr and CysC not only in calculation of glomerular filtration rate (GFR) but also in prediction of progressive renal dysfunction (10) . NGAL is a protein that is covalently bound to gelatinize in neutrophils. NGAL can be expressed at very low concentrations in several human tissues like kidney, lung, stomach, and colon (11) . During AKI, NGAL expression is markedly induced both systemically and locally in injured distal nephron epithelium. Experimental and clinical studies have shown that NGAL could be detected easily in the blood within 3 h after AKI (12) . Therefore, NGAL was shown to be an early, sensitive, and noninvasive biomarker for early detection of AKI in different clinical settings (13) . CysC is a cysteine protease inhibitor protein and it is produced in all cells with a nucleus. CysC is not bound to plasma proteins and can be freely filtered by the glomerulus. It is reabsorbed and degraded in the proximal tubule and is not secreted into renal tubules (14) . Unlike SCr, CysC is not affected by age, sex, or mass of muscle cells (15) . CysC was investigated in many studies as a predictive biomarker of AKI (16, 17) . The goal of the present study was to investigate the role of these emerging biomarkers in the early diagnosis and risk prediction for AKI according to KDIGO criteria in adults undergoing cardiac surgery with CPB.
Materials and methods
In this prospective study, 57 patients among 210 patients who underwent cardiac surgery with CPB in the Department of Cardiovascular Surgery in Hacettepe University School of Medicine between January 2014 and March 2014 were included. Patients younger than 18 years, patients with chronic kidney disease, and patients who had undergone beating coronary artery bypass surgery were excluded. Surgical re-exploration due to excessive bleeding was also excluded, because CPB was mostly not required in such operations. Patients who had undergone multiple cardiac procedures in a single stage were included. Demographic and preoperative characteristics of the study population were collected including age (years), body surface area (m 2 ), additional comorbid problems (diabetes mellitus, hypertension, peripheral arterial disease, autoimmune diseases, obesity, thyroid disease, respiratory disease), preoperative status (elective, urgent, emergent), cardiac diagnosis, total perfusion time, aortic clamp time, and preoperative and postoperative ejection fraction values. Preoperative SCr values were used for evaluation of baseline renal function. In the postoperative period urine output and ejection fraction were measured and occurrence of arrhythmia, delirium, and need for inotropic agent support were noted in all patients. SCr levels were measured postoperatively at 1, 4, 12, 24, and 48 h. AKI may occur in the immediate postoperative period as well as throughout the following postoperative days. We defined early AKI as an increase in SCr value of ≥0.3 mg/dL (26.5 µmol/L) or ≥50% increase in SCr within 48 h according to KDIGO criteria (3). Serum samples for BTP, NGAL, and CysC were collected preoperatively (within 48 h before surgery) and postoperatively at 1, 4, 12, and 24 h. Samples were centrifuged at 5000 × g for 10 min and the supernatants were stored at -80 °C until being assessed. Serum BTP concentrations were determined by ELISA (Biovendor, Diagnostics, GmbH, Germany). The measurement range of this method was 0-40 ng/mL and the method sensitivity was 0.5 ng/mL. Serum NGAL levels were also determined with ELISA (Boster Biological Tech., Fremont, CA, US). Measurement range was 156 to 10,000 pg/mL and sensitivity of the method was 10 pg/mL. Cross-reactions have not been reported. Serum CysC levels were determined with immunoturbidimetric method (Tina-quant Cystatin C, ROCHE, Diagnostics GmbH, Mannheim, Germany). Measurement range was 0.4 to 8.0 mg/L with the detection limit (LOD) of 0.40 mg/L. To study risk factors for AKI in this population, we investigated the relationship between AKI and the risk factors such as mortality, increased postoperative length of stay in intensive care unit (ICU) and hospital, increased duration of mechanical ventilation (MV), and decreased postoperative left ventricular ejection fraction (LVEF). We also recorded the need for RRT. The protocol was approved by the Ethical Committee of Hacettepe University Hospital. All procedures were followed in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008. Written informed consent was obtained from each patient before being included in the study (18) .
Statistical analysis
The data were analyzed using SPSS 21.0. All tests were two-sided, with the alpha level set at 0.05 for statistical significance. Descriptive statistics for categorical variables were reported as frequency and percentage, whereas continuous variables were reported as median [interquartile range (IQR)]. Categorical variables were compared using chi-square tests (with Fisher's exact test when necessary) and continuous variables were compared using the paired Student's t-test, Mann-Whitney U-test, or Kruskal-Wallis test, where appropriate. The normality of the numerical variables was tested by the ShapiroWilks test and the homogeneity of the variances by the Levene test. Nonadjusted logistic regression models were used to evaluate the association between AKI and age, postoperative length of stay in ICU, CPB time, and duration of MV. Multivariate logistic regression models were used to predict the outcome variables controlling possible confounding factors.
Results
In the present study, 20 (35.1%) female and 37 (64.9%) male patients were included and the data of a total of 57 patients were analyzed. Mean age of the patients was 56.6 ± 14.2. Preoperative values and data for operation procedures for all patients are shown in Table 1 . Forty-five patients (78.9%) had at least one comorbid disease. The most common comorbid conditions were hypertension (HT) (50.9%), hyperlipidemia (HL) (49.1%), obesity (26.3%), and diabetes mellitus (DM) (19.3%). The most common surgical procedures in sequence were coronary artery bypass graft surgery (CABG) (59.6%), mitral valve replacement (MVR) (17.5%), and aortic valve replacement (AVR) (14.0%). While 19 patients (33.3%) needed postoperative inotropic administration, 17 patients (29.8%) had postoperative atrial fibrillation (AF) and 9 patients (15.8%) had delirium after the surgery. Three patients (5.3%) died because of multiorgan dysfunction. We defined patients having AKI as AKI+, while patients who did not develop AKI were considered in the AKIgroup. AKI occurred in 24 of the 57 patients (42.1%). Nonadjusted logistic regression models showed that CPBassociated AKI was associated with increased age (age > 54) (P = 0.015) and comorbidities such as diabetes mellitus, hypertension, and hyperlipidemia (P = 0.003, P = 0.002, P = 0.001, respectively). AKI was not associated with sex, body mass index, or the type of cardiac procedures, but was associated with increased CPB time. Nonadjusted logistic regression models showed that CPB time lasting longer than 76 min was significantly associated with development of AKI (P = 0.022) ( Table 2 ). The mean duration of postoperative ICU stay was 4.79 (±6.12) days for the AKI+ group and 2.15 (±0.56) days for the AKI-group. The average length of hospital stay was 8.13 (±5.75) days for the AKI+ group and 7.21 (±3.68) days for the AKI-group, which were significantly longer in AKI+ group (P < 0.001, P = 0.011) ( Table 2 ). As shown in Table 2 , preoperative levels of SCr and NGAL were slightly higher in the AKI group but there were no statistically significant differences. On the other hand, preoperative serum levels of CysC (1.08 ± 0.4 ng/mL) and BTP (223.1 ± 45.4) were significantly higher in patients with AKI than in patients who did not have AKI (0.75 ± 0.19 ng/mL for CysC and 187.8 ± 55.1 for BTP) (P < 0.001 and P = 0.014). A significant increase in postoperative CysC levels was found in patients with AKI in all times when compared to patients in whom AKI did not develop (Figure 1 ). This increase in serum CysC levels showed a significant positive correlation with increase in SCr levels. We have not seen this correlation between other biomarkers and SCr. CysC had better results for predicting AKI preoperatively when compared to preoperative SCr by using Pearson's correlation test ( Figure 2 ). Preoperative levels of serum BTP were 223.1 ± 45.4 ng/dL in patients with AKI, which was significantly higher than in patients who did not develop AKI (P = 0.014). In subsequent hours after the operation, serum BTP levels were increased in patients with AKI but this was not statistically significant ( Figure 3 ). There were no statistically significant differences in preoperative and postoperative serum NGAL levels between the two groups, except for higher levels at 4 h postoperatively in the AKI+ group (Figure 4 ). Postoperative development of delirium and atrial fibrillation and the need for administration of inotropic agents were also shown to have an important relation with development of AKI.
Discussion
The performance of BTP, NGAL, and CysC for early diagnosis of AKI was evaluated separately in previous studies; however, to the best of our knowledge, publications comparing serum levels of these three biomarkers are not available (16, 17, 19) . This is the first study that compares these three biomarkers amongst themselves and with SCr for early diagnosis and monitoring of CPB-associated AKI. This prospective study supports that CysC may allow early detection of CPB-associated AKI before a rise in Scr. Monitoring AKI with CysC may give more reliable results when compared to other new biomarkers and even when compared with the traditional marker SCr. Many independent risk factors for AKI were defined but, in general, causes of AKI are multifactorial. In our study, older patients and patients with hypertension, hyperlipidemia, and diabetes mellitus had higher risk for development of AKI. AKI incidence was 42.1% in our study. The incidence range of AKI after cardiac surgery was 20%-49.9% according to other studies (20, 21) . The wide range of incidence of CPB-associated AKI may depend on the definition. Our study was based on KDIGO criteria and they demonstrate greater sensitivity than both AKIN and RIFLE criteria, which may have affected our results. Another reason for the high incidence of AKI may be perfusion modality. We used nonpulsatile flow during CPB and pulsatile perfusion was found to be superior to nonpulsatile perfusion at preserving microcirculation (22) . Moreover, our study showed total perfusion time above 76 min was an important intraoperative risk factor. Sirvinskas et al. (23) also showed in their study that long CPB duration was a risk factor for development of AKI. In contrast to our study, Vellinga et al. (24) showed that there was no significant correlation between CPB duration and AKI development. In our study, CPB-associated AKI was shown to be associated with prolonged stay in the ICU and increased morbidity and mortality. This may be due to adverse effects of decreased renal function such as electrolyte and volume imbalance, uremia, acidosis, and increased risk of infection (3, 25) . Postoperative development of delirium and atrial fibrillation and the need for administration of inotropic agents were also shown to have important relations with the development of AKI. BTP has been studied as a serum or plasma biomarker for assessment of kidney function in patients with kidney disease (10, 19, 26) . Unlike our study, there have been many studies emphasizing good diagnostic performance of BTP as a marker of GFR (10, 27) . In our study only preoperative values of BTP were significantly higher in patients who developed AKI. Although serum BTP reached higher levels in patients with AKI in subsequent hours after the operation, this was not statistically significant. There are many studies describing similar diagnostic performance of BTP and CysC as a marker of GFR but there is also another study showing better diagnostic performance of CysC than BTP as a GFR marker, which is consistent with our study (28) . Although BTP and NGAL showed significant increased levels at different times in the AKI group, those increased levels were not consistent during follow up, which prevents us from concluding that these were reliable early diagnostic biomarkers. A large multicenter study reported the early predictive value of NGAL in 1219 adults and found that NGAL levels peaked in urine or plasma within 6 h after cardiac surgery (29, 30) . Likewise, according to our study there were no significant differences in preoperative and postoperative levels of serum NGAL between the two groups, except for the levels at 4 h postoperatively, which had a statistically significant increase. In our study, we found increased serum CysC levels in patients with AKI, which showed a significant positive correlation with the increase in SCr. We have not seen this correlation between other biomarkers and SCr. When preoperative SCr and levels of these new biomarkers are compared, CysC had better results for predicting AKI than the other biomarkers and even SCr. According to Dharnidharka et al. (7), CysC is regarded as an attractive marker in the assessment of GFR. There are also studies reporting lower sensitivity and specificity for CysC than for SCr (31, 32) . Some early precautions can be taken with early diagnosis of renal failure such as temporary cessation of angiotensin converting enzyme inhibitors and angiotensin receptor blockers, optimization of fluid balance, and blood pressure. Although our study achieved its targets, there were some unavoidable limitations. It was conducted in a single institution with a limited sample size. Relatively small sample size might have precluded us from detecting minor differences between the groups. Our results have clear clinical and statistical significance but will need to be validated in a larger population. Our study population had relatively normal kidney function and our findings should be confirmed in documented high-risk settings such as urgent surgeries and in patients with preexisting renal dysfunction.
Serum BTP can be used for predicting AKI preoperatively, but postoperative follow-up of AKI with serum BTP is inadequate. Postoperative serum NGAL levels at 4 h may be used for predicting AKI, but the baseline levels and the levels of the other hours are inadequate. On the other hand, CysC may help for both predicting preoperative risk for development of AKI and for postoperative follow-up of AKI. As a result, CysC may be used as an early biomarker for the detection of renal dysfunction after cardiac surgery before any detectable increase in SCr level occurs. To overcome the limitations of individual biomarkers, combinations of new and traditional biomarkers should be used together to increase the sensitivity and specificity for predicting AKI.
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